BACKGROUND: The prevalence of hepatitis C virus (HCV) in Egypt is quite high, and the combined oral direct-acting antiviral agents (DAAs) may have impressive results.
Background
Hepatitis C virus (HCV) poses a real health threat being one of the most prominent causes of chronic liver diseases worldwide. According to Lavanchy 1 as stated in The Global Burden of Hepatitis C, about 170 to 200 million individuals, which accounts for 3% of the world's population, are chronically infected with HCV, with 3 to 4 million new cases annually. In Egypt, however, the situation is even more critical. Egypt has a higher prevalence for HCV than any of its neighboring countries or any other country in the world with a similar socioeconomic situation and hygienic conditions. 2 The main objective of the treatment for chronic HCV infection is to attain a sustained virologic response (SVR), defined as undetectable HCV-RNA, 24 weeks after completing the treatment course. According to long-term follow-up studies reported by Backus et al 3 in "A sustained virologic response reduces risk of all-cause mortality in patients with hepatitis C" and Kanwal et al in "Increasing prevalence of HCC and cirrhosis in patients with chronic hepatitis C," 97% to 100% of sustained responders retained undetectable HCV-RNA in serum, liver, and peripheral blood mononuclear cells which advocate the theory that SVR can be associated with eradication of HCV infection. There is also evidence that SVR can be attained at lower rates, in patients having extensive fibrosis or cirrhosis, decreasing the risk of HCC development and improving the survival rate altogether. 4 Between the period of 2001 and 2011, the standardized treatment for chronic HCV infection was a combination of pegylated interferon (PEG-IFN) and ribavirin (RBV). 5 The treatment showed an SVR of 40% to 50% in genotype 1 (G1) and 70% to 80% in genotypes 2 and 3 (G2/G3). 6 However, the effectiveness of the treatment was limited by frequent side effects and restricted efficacy as stated in "the American 
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Association for the Study of Liver Diseases. Diagnosis, management and treatment of hepatitis C: an update." 7 The development of direct-acting antiviral agents (DAAs) has been a primary focus of the medical community for the past decade. The DAAs can block the activity of the viral enzymes targeting both NS3/4A serine protease, which blocks HCV polyprotein processing, and HCV replication. Another approach is using the nucleoside/nucleotide and nonnucleoside inhibitors of the RNA-dependent polymerase and inhibitors of the NS5A viral protein which has a regulatory role in HCV replication. 8 In May 2011, the use the first-generation NS3/4A protease inhibitors, boceprevir and telaprevir, was approved for use in genotype 1 (G1), provided that they will be combined with PEG-IFN and RBV to prevent the development of resistanceassociated variants. 9 A second-generation NS3/4A protease inhibitor known as simeprevir was being developed and it was approved in December 2013 for the use in genotype 1 (G1) with PEG-IFN and RBV for 12 weeks after the surgery. 10 Based on the data collected from Quest 1, Quest 2, and Pillar, clinical trials showed that the use of simeprevir with a combination of PEG-IFN and RBV in genotype 1 (G1) for 12 weeks and then followed by just PEG-IFN and RBV for 12 to 36 weeks attained an SVR of 80% to 81%, and consequently, simeprevir was approved in December 2013. [11] [12] [13] However, the development of cross-resistance by first-generation and second-generation protease inhibitors remained an issue that led to the development of other DAA classes, such as nucleotide NS5B polymerase inhibitors which include sofosbuvir (SOF). Data showed that the use SOF in combination with PEG-IFN and RBV in genotype 1 (G1) for 12 weeks attained an SVR of 89% to 91% in genotype 1 treatment-naïve patients. The treatment also proved effective for genotype 4 (G4) infections. 13 The limited safety and tolerability of interferon-based treatments encouraged the development of interferon-free treatments which proved to be a healthier alternative and an even more cost-effective treatment. 14 In 2012, The study by Lok et al 15 showed that SVR could be achieved by an interferon free regimen whereby asunaprevir (NS3/4A protease inhibitor) and daclatasvir (DCV ) (NS5A replication complex inhibitor) given for 24 weeks for to G1 previous null responders produced an SVR of 36%. Sofosbuvir was approved for use with RBV for 12 weeks in G2 and 24 weeks in G3. In G2 treatment-naïve patients, SOF and RBV for 12 weeks produced an SVR of 92% to 97% in noncirrhotics and 94% to 100% in cirrhotics in different clinical trials, namely, Fission, 16 Positron, 17 and Valence. 18 Following the success of simeprevir and SOF in COSMOS study, 19 several other SOF-based treatments in combination with another DAA have shown impressive results. In G1 treatment-naïve noncirrhotic patients, SVR with ledipasvir (LDV ) (NS5A replication complex inhibitors) and SOF with or without RBV for 8 weeks were 93% to 100% in ION-3 study 20 and DCV (NS5A replication complex inhibitor) and SOF with or without RBV for 12 weeks were 95% to 100% in AI444040 study. 21 And GS-9669 (NS5B nonnucleoside polymerase inhibitor) and SOF with RBV for 12 weeks was 92% in Electron. 22 Regarding the new DAAs, Food and Drug Administration (FDA) recently announced a change in labeling for the hepatitis C antiviral LDV/SOF (Harvoni) and SOF (Sovaldi) after the manufacturers reported bradycardia, pacemaker invention, and even death in patients who took the medications along with amiodarone. 23 As the prevalence of HCV in Egypt is high, and the new treatment combined with therapy involving oral DAAs either with or without PEG-IFN is extensively used, this work was conducted to study the cardiovascular effects of DAAs in combination with or without PEG-IFN in Egyptian patients with chronic HCV infection.
Patients and Methods
The study consisted of 170 patients diagnosed with chronic HCV infection, recruited from the outpatient clinics of Al-Sahel Teaching Hospital, located in Cairo, Egypt, starting from October 2014 till April 2016.
Inclusion criteria
The study includes patients who have chronic HCV infection and are candidates for combination therapy.
Patients were divided into 2 groups: 
Exclusion criteria
The patients belonging to the following criteria were excluded from the study: 
Methods
Group A patients were followed up for 1 year more than 3 visits before initiating treatment and then followed up for 6 and 12 months after the treatment.
Group B patients were followed up for 6 months more than 2 visits before initiating the treatment, then 6 months after the treatment.
The objective of the study was to monitor whether the patients would complete the study without showing any cardiac complications or would the treatment cause a cardiovascular complication (eg, congestive heart failure, echocardiographic evidence of left ventricular [LV] dysfunction, occurrence of a significant arrhythmias, or acute coronary syndrome):
All patients who participated in the study filled a written informed consent.
The study protocol was reviewed and approved by the local ethics committee.
All participants went through a cardiac assessment and a thorough medical history check for premature coronary artery disease.
The symptoms were shortness of breath, chest pain, palpitations, dizziness, presyncope or syncope, orthopnea, or paroxysmal nocturnal dyspnea (PND).
The signs were systolic and diastolic blood pressure, heart rate, presence of gallop or any detected murmurs, or fine basal crepitation.
ECG, a standard 12-lead ECG, was recorded before the treatment and at a later follow-up visit to assess the presence of arrhythmias, ST-T wave changes, and corrected QT interval using the Bazett formula which states the following: QTc = QT interval/√PR interval.
Echocardiography includes a full 2-dimensional (2D), M-mode, Doppler and color flow mapping, and tissue Doppler echocardiography study performed before initiating the treatment and at a later follow-up throughout the treatment. Echo was used to estimate end diastolic dimension and end systolic dimension, interventricular septum thickness, posterior wall thickness, left atrial diameter, and mitral regurgitation. Ejection fraction (EF) was assessed by M-mode using Teicholz equation and 2D mode by the biplane Simpson method. Evidence of regional wall motion abnormalities (RWMA) was evaluated. Transmitral flow velocities were recorded using pulsed-wave Doppler with the sample volume placed at the tip of the mitral valve leaflets in the apical 4-chamber view. The following measurements were taken: peak E velocity (cm/s), peak A wave velocity (cm/s), and early to late (E/A) ratio with E wave deceleration time (ms). Diastolic dysfunction was assessed according to the American Society of Echocardiography Guidelines and the estimation of peak pulmonary artery systolic pressure from tricuspid regurgitation velocity using Bernoulli equation was applied. 24, 25 Tissue Doppler was used to measure the systolic and diastolic mitral annular velocities. The tissue Doppler sample volume was applied on septal and lateral localizations of the mitral annulus in the apical 4-chamber view. Systolic (s) and diastolic (Ea and Aa) velocities, pulsedwave Doppler-derived E wave velocity, and tissue Doppler Ea velocity ratio (e/Ea) were measured.
Full hepatological assessment
Liver function tests include the following: aspartate aminotransferase, alanine aminotransferase, serum bilirubin, serum albumin, alkaline phosphatase, prothrombin time, and international normalized ratio.
Blood tests include the following: serum creatinine, blood glucose (fasting and postprandial blood sugar), and complete blood count (hemoglobin, white blood cells, red blood cells, and platelets).
Enzyme-linked immunosorbent assay (ELISA) includes the following: viral markers for hepatitis A virus were screened using the ELISA technique. Also, thyroid-stimulating hormone, T3, T4, autoantibodies, antinuclear antibody, and alpha fetoprotein were studied using the ELISA technique.
Abdominal ultrasound was performed to check for liver cirrhosis, splenomegaly, and ascites and to check the kidneys and pancreas.
Statistical methods
Data are statistically described in terms of mean ± SD, range, or frequencies (number of cases) and percentages when appropriate.
Comparison of numerical variables of the study groups between the follow-up visits was done using Student t test/ analysis of variance for independent samples.
Comparison of categorical data was done using the χ 2 test. Exact test was used instead when the expected frequency is less than 5 .
P values less than .005 were considered statistically significant.
All statistical calculations were done using the following computer program: SPSS Inc., IL, USA, version 21 for Microsoft Windows.
Results
The included patients (170) were studied regarding the demographic criteria where no significant differences were found between the 2 study groups regarding age, gender breakdown, family history, and smoking practice. As an inclusion prerequisite, none of the recruited patients was diabetic (Tables 1-5) .
Group 1
In group 1 that received triple combination therapy, none of the patients developed any major cardiac complication, such as congestive heart failure, echocardiographic evidence of LV dysfunction, occurrence of a significant arrhythmias, or acute coronary syndrome, throughout the course of treatment. Shortness of breath has been reported in 5% of the patients 6 months after initiating the treatment. However, none of them has described orthopnea or PND. At the 12-month follow-up, only 2% of patients remained experiencing shortness of breath but with no signs of orthopnea or PND. Similarly, 4% of patients had reported chest pain at the 6-month follow-up which decreased to 2% at the 12-month follow-up with P > .05. Also, 2% had described palpations at the 6-month follow-up that disappeared at the 12-month follow-up. None of the patients has experienced any associated dizziness, presyncope, or syncope.
There was no significant increase in neither of the mean systolic nor the mean diastolic blood pressure recordings after 6 and 12 months into the course of triple combination therapy. However, abnormally elevated blood pressure of (160/95 and 150/100) was evident in 2 patients at the 6-month follow-up and a third patient (160/100) at the 12-month follow-up. Still, these instances were statistically nonsignificant (P > .05). Heart rate recordings did not show any significant alterations between baseline and follow-up visits (Table 2) .
ECG findings
None of the group 1 patients developed prolonged QT interval at follow-up visits. There was no significant alterations in the mean-corrected QT interval at the 6-month and 12-month follow-up. No arrhythmias had been observed throughout the study follow-up visits apart from infrequent supraventricular Biomy et al 5 extrasystoles in 1% of the patients at the 6-month follow-up visit. There was no increase in the number of patients with ST-T wave changes over the follow-up visits.
Echocardiographic findings
None of the group 1 patients had or developed echocardiographic RWMA at baseline or the study follow-up visits. There was no significant increase in EF at the 6-month and the 12-month follow-up visits. Regarding the diastolic function parameters, there was no significant decrease in E/A ration and no significant increase in the deceleration time over the follow-up visits. Also, there was no significant increase in the E/Ea ratio (Table 3) .
Group 2
None of the group 2 patients has developed any major cardiac complication, such as congestive heart failure, echocardiographic evidence of LV dysfunction, occurrence of significant arrhythmias, or acute coronary syndrome, throughout the course of the study. Even though none of the group 2 patients had chest pain at baseline, 3% had developed it at the 6-month follow-up visit with an insignificant P > .05. Similarly, 4% had developed shortness of breath 6 months after therapy initiation; still, this was not statistically significant. None of the patients had described orthopnea or PND. Also, 4% reported palpitations at the 6-month follow-up visit as a new symptom that was not evident at the beginning in the study (P > .05). None of the patients had described dizziness, presyncope or syncope. None of the patients had developed abnormally elevated blood pressure at the 6-month follow-up visit. In addition, mean value of blood pressure slightly and insignificantly changed from 119.5/75.29 at baseline to 119.36/75.57 beats per minute at both study visits (P > .05). None of the group 2 patients had or developed gallop or fine basal crepitations. 
Electrocardiography
No significant alterations regarding ST-T wave abnormalities or arrhythmias had occurred from the start of the treatment and the 6-month follow-up. None of the patients had developed prolonged QT interval at the follow-up visits. No significant alterations were evident in the mean values of corrected QT in group 2 patients over the study visits (P > .005) ( Table 4) .
Echocardiography
None of the group 2 patients had or developed echocardiographic RWMA at the baseline or at the end of the study. Systolic function parameters showed nonsignificant changes over the study visits (P > .05). Similarly, diastolic function parameters (E/A ratio, deceleration time, and E/Ea ratio) showed no significant alterations between the beginning and the 6-month follow-up visits (P > .05) ( Table 5) .
Discussion
More than 3% of the world's population, which accounts for 170 million individual, is infected with chronic HCV infection according to the study by Strader et al. 26 Hepatitis C virus infection, while a serious infection on its own, leads to more drastic complications; it is estimated that minimum 20% of chronic HCV-infected patients develop cirrhosis within the course of 10 to 20 years, whereas other patients develop liver cancer within the course of 20 to 40 years 27 (HCV is the cause of about half of the cases of primary liver cancer in the developed world).
In Egypt, about 12% of the over-90-million population is infected with HCV and it is considered to be the primary cause of hepatocellular carcinoma and chronic liver disease. 28 Although PEG-IFN and RBV have always been included in HCV treatments, their limited efficacy and frequent side effects have encouraged the search for a better alternative. 8 Direct-acting antiviral agents, which have a different approach Abbreviations: EDD, end diastolic dimension; ESD, end systolic dimension; EF, ejection fraction.
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in targeting the life cycle of HCV, have been developed and approved by the US FDA. 29, 30 The development and improvement of the HCV treatments were continuing; the use of interferon in the treatment proved to cause health issues and consequently was excluded from the treatment and it became based on DAAs. However, the use of DAAs has raised some concerns about the possibilities of cardiac toxicity.
In this study, we research the potential cardiovascular toxicities in both interferon-based therapy using triple combination therapy on Group 1 and interferon-free DAAs using dual combination therapy on Group 2.
First: group 1: PEG-interferon alfa, RBV, and SOF
Not so long ago, the treatment for chronic HCV infection solely depended on PEG-IFN in combination with RBV therapy which achieved an SVR in more than 50% of the patients with chronic HCV infection. 30 Pegylated interferon with triple combination therapy, however, achieved an SVR of 70% to 80%. 31 Even though evidence of cardiotoxicity caused using interferon has been rarely reported, and often in isolated cases, according to Rechciński et al, 32 in the publication "Hepatitis C, stigma and cure," interferon alfa proved to be the most likely to cause cardiotoxicity followed by interferon beta and then interferon gamma. Interferon treatment is presumed to cause manifestation of ischemic heart disease, arrhythmias, and cardiomyopathy. 33 Interferon flu-like reaction which is a fever that results in an increased myocardial oxygen demand could cause ischemia in patients with previous history of coronary artery disease. The mechanism, however, of which interferon causes ischemia is still not accurately tracked. 34 In this study, Group 1 includes 100 cases with chronic HCV infection that were submitted to detailed medical history taking, clinical examination, 12-lead ECG, and transthoracic echocardiography.
Results showed no significant increase in shortness of breath, palpations, or chest pain after treatment in comparison with the beginning of the study. As for the heart rate and blood pressure, results showed no significant alterations in their values before and after the treatment.
In agreement with the study at hand, Erol et al 35 reported in their study that the interferon alfa therapy did not cause any significant alterations in the patients' heart rate or blood pressure throughout the course of therapy.
In another study by Friess et al, which included 20 patients who were assessed for cardiac rhythm disturbances, patients received DNA gene interferon. The results showed no significant alterations in average heart rate or in the frequency of ventricular or supraventricular ectopic beats throughout the course of therapy. 36 Similarly, a study by Fukuhara et al 37 showed that chronic interferon therapy did not modulate the sympathetic activity of the heart or cause any alterations in the circadian variations in blood pressure and pulse rate, which further supports the results of this study.
Regarding the ECG findings, the corrected QT showed no significant alterations in their values before the treatment (0.391 ± 0.02), 6 months after the treatment (0.932 ± 0.02), and 12 months after the treatment (0.093 ± 0.02).
Patients with cirrhosis frequently experience QT interval prolongation regardless of the cause of the disease. Its prevalence can reach 45% according to the severity of the cirrhosis, which is drastically higher than the 5% prevalence in the general population. 38 Alongside with QT interval prolongation, several electrophysiological abnormalities are common in patients with cirrhosis such as chronotropic incompetence and electromechanical uncoupling, as reported by Wong et al. 39 However, in this study, patients included are in the early stages of HCV infection with no evidence of cirrhosis. Therefore, there are very little data regarding the effects of interferon on QT interval.
The results of this study also showed no evidence of atrial or ventricular arrhythmias after the triple combination therapy.
The first to report atrial and ventricular arrhythmias in patients who received recombinant interferon alfa was based on a study done in 1984 by Kirkwood that involved 9 patients with cancer. However, most of these patients were already admitted with underlying heart disease and were receiving doxorubicin therapy, which is very known to cause cardiotoxicity. 40 According to the echocardiography findings of the study, there was no significant alteration in the echocardiography parameters values before and after the treatment.
A study by Erol et al 35 in 2004 showed that the treatment with interferon alfa did not cause any alteration in values of systolic and diastolic functions before and after the treatment.
Another study by Kadayifci et al 41 done in 1997 further supports the claims of this study; the clinical examinations showed no significant alterations or adverse effects on the ECG and echocardiographic evaluations of HCV-infected patients before and after the interferon-based therapy.
Contradictory findings, however, were reported in a study by Kühl et al in 2003 . The study showed a significant decrease in LV end diastolic diameter (LVEDD) and LV end systolic diameter (LVESD) from 59.7 ± 11.1 to 56.5 ± 10.0 mm (P < .001) and 43.2 ± 13.6 to 39.4 ± 12.1 mm (P < .001), and, accordingly, an increase in LV EF from 44.6 ± 15.5% to 53.1 ± 16.8% (P < .001). The treatment also resulted in the improvement of New York Heart Association functional class of these patients due to diminished angina pectoris, dyspnea, palpitations, and fatigue. 42 The contradictions with this study could be attributed to the fact that the previous study monitored the alterations in patients already having myocarditis with no consideration to the underlying viral cause which is suggested by initially high values of LVESD and LVEDD. Also, these beneficial Another study findings by Sartor et al, in 1995, reported more than 10% decrease in LV EF in 5 of 11 patients with HCV infection using radionuclide angiography 1 month into the interferonbased therapy and that this effect disappeared 3 months after therapy cessation, which suggests that this effect is reversible. 43 The contradictions could be attributed to the difference in patients' characteristics, number of patients, and the use of different techniques, such as echocardiography vs radionuclide angiography. In addition, there was no follow-up to the patients on the month into the interferon therapy.
Second: group 2: (SOF and simeprevir)
The development of interferon-free treatments was encouraged because of the limited safety and tolerability of interferonbased treatments which proved to be a healthier alternative and an even more cost-effective treatment.
Group 2 in this study includes 70 cases with chronic HCV infection that were submitted to detailed medical history taking, clinical examination, 12-lead ECG, and transthoracic echocardiography.
Study findings showed no significant alterations in patients' symptoms (shortness of breath, palpitations, and chest pain), signs (heart rate and blood pressure), or ECG recordings (arrhythmias, QT interval, or ST-T wave changes) before and after the treatment. In addition, there were no significant alterations in echocardiographic parameters regarding the systolic and diastolic functions before and after the treatment.
In agreement with the results of this study, a review of the FDA Adverse Event Reporting System quarterly reports, on DAAs that are available in the market since 2011, showed no reported cases of serious cardiac complications caused by these novel therapies. 44 However, in 2015, a study by Ahmed et al has reported the first occurrence of cardiotoxic changes associated with the use of DAAs in the treatment of chronic HCV infection. Treatment with BMS-986094, which is a nucleotide analog HCV nonstructural 5B polymerase inhibitor, in interferon-free combinations with DCV and RBV, was terminated after 34 patients experienced rapidly progressive heart failure and expired. Further cases of cardiotoxicity were later identified. 45 The 34 patients received interferon-free BMS-986094 treatment. Six patients had left ventricular ejection fractions (LVEFs) <30%, 8 patients had LVEFs of 30% to 50%, and 11 patients required hospitalization of suspected cardiotoxicity. Six patients with LVEFs <50% had a normal systolic function values within 20 days.
Electrocardiographic recording showed several abnormalities; 3 cases of nonspecific intraventricular conduction defect, 2 cases of sinus bradycardia, 2 cases of nonspecific ST abnormality, 1 case of nonspecific T-wave abnormality, and 1 case of borderline prolongation in QTc interval.
ST-segment abnormalities, such as ST depressions, T-wave inversions, or loss of T-wave amplitude, were also frequent with patients with LV dysfunction.
The contradictory results between the latter study and this study are attributed to the fact that the study by Ahmad et al. examined the effects of BMS-986094 treatment in combination with DCV, whereas in this study, we examine the effects of the SOF and simeprevir combination treatment. Also, RBV was included in their treatment contrary to the RBV-free treatment of this study. The conclusion of the study suggests that some individuals of the new investigational DAAs, such as BMS-986094, have cardiotoxic properties and could result in toxic cardiomyopathy.
In conclusion, the treatments for DAAs used in combination regimens with interferon or consumed orally in combination with other similar agents do not affect the cardiovascular system.
Study Limitations
The limitations of this study include the following: small sample size, exclusion of high-risk patients for coronary artery disease, and no stress study was done to objectively assess functional status and to more sensitively exclude myocardial ischemia.
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